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Background. We used postmortem minimally invasive tissue sampling (MITS) to assess the effect of time since death on molec-
ular detection of pathogens among respiratory illness—associated deaths.

Methods. Samples were collected from 20 deceased children (aged 1-59 months) hospitalized with respiratory illness from May
2018 through February 2019. Serial lung and/or liver and blood samples were collected using MITS starting soon after death and
every 6 hours thereafter for up to 72 hours. Bodies were stored in the mortuary refrigerator for the duration of the study. All speci-
mens were analyzed using customized multipathogen TagMan” array cards (TACs).

Results. We identified a median of 3 pathogens in each child’s lung tissue (range, 1-8; n = 20), 3 pathogens in each child’s liver
tissue (range, 1-4; n = 5), and 2 pathogens in each child’s blood specimen (range, 0-4; n = 5). Pathogens were not consistently de-
tected across all collection time points; there was no association between postmortem interval and the number of pathogens detected
(P = .43) and no change in TAC cycle threshold value over time for pathogens detected in lung tissue. Human ribonucleoprotein
values indicated that specimens collected were suitable for testing throughout the study period.

Conclusions. Results suggest that lung, liver, and blood specimens can be collected using MITS procedures up to 4 days after
death in adequately preserved bodies. However, inconsistent pathogen detection in samples needs careful consideration before

drawing definitive conclusions on the etiologic causes of death.
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Autopsy referrals have declined worldwide despite being the gold
standard for determining cause of death [1-3]. In sub-Saharan
Africa, most deaths do not undergo postmortem examination [4—
7]. Reasons for low utilization of postmortem services in the re-
gion include inadequate health facility capacity, costs, and cultural
and religious resistance to conventional autopsy practices [5, 8, 9].

Minimally invasive autopsies (MIAs) that involve needle
sampling techniques may be a more acceptable means of under-
taking postmortem examinations in low- and middle-income
countries [8, 10-12]. The MIA approach is gaining popularity
in sub-Saharan Africa as a surveillance tool to understand the
cause of death, which could then be used to guide prioritization
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of prevention measures [8, 11, 13, 14]. Nonetheless, we previ-
ously observed 42% concordance in pathogen detection from
deceased children’s lung tissue collected via minimally invasive
tissue sampling (MITS) and conventional autopsy [15]. This
emphasizes the need to optimize MITS procedures and under-
stand its utility as a surveillance tool in the current era of in-
creased availability of molecular diagnostics.

Pathogen detection, however, can be affected by the timing
of specimen collection [16]. It is recommended that specimen
collection for microbiological analyses occur within 24 hours of
death to minimize postmortem replication of pathogens and the
disintegration of natural barriers that could influence interpreta-
tion of laboratory findings due to translocation of pathogens [17,
18]. Unfortunately, this timeline is often unrealistic in resource-
limited settings. Limited data exist describing the impact of post-
mortem sampling intervals on diagnostic performance [16].

In this study, we investigated hospitalized children whose
death was associated with respiratory illness to determine
the effect of time since death on the detection of pathogens.
Here, we describe the frequency and distribution of pathogens
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detected and discuss the implications of postmortem interval
(PMI) for cause of death etiology studies that rely on molec-
ular diagnostics performed on samples collected using MITS
techniques.

METHODS

Study Site

The study was undertaken at Kenyatta National Hospital, Kenya’s
largest teaching and referral hospital, located in the capital city,
Nairobi. Pediatric patients admitted to the hospital are either
referred from lower-level health facilities within the country or
admitted directly through the pediatric outpatient clinic.

From May 2018 to February 2019, we approached the
parents/guardians of deceased children aged 1-59 months who
were hospitalized with a history of respiratory illness. After
written approval from the next of kin, specimens were collected
as soon as possible after death, with sequential sample collec-
tions occurring at regular intervals of about 6 hours for up to 72
hours. Medical records of the deceased children were retrieved
(when available) to obtain clinical information. We aimed to in-
vestigate 20 pediatric deaths.

Sample Collection

The deceased’s body was placed in a body bag and trans-
ferred to a dedicated body locker in the mortuary refrig-
erator. Sample collection commenced as soon as possible
after death and was repeated every 6 hours for 9 collections.
A final tenth batch of samples was collected 24 hours after the
ninth sample.

Bodies were stored in the mortuary refrigerator at 2°C-8°C
from as soon as possible after death and removed briefly during
each sample collection. The temperature of the mortuary refrig-
erator and rectal temperature of the body were recorded before
each sample collection. Samples were collected for molecular
tests and histopathology assessment; however, histopathologic
findings are presented separately.

For molecular analyses, lung samples were collected from all
20 children (case identification PO1-P20) at each sample collec-
tion encounter using MITS techniques (Supplementary Table
1). Liver tissue and blood specimens (from the heart, subclavian
vessels, and femoral vessels) were also collected from a conven-
ience sample of 5 cases (case identification P06-P10).

Before sample collection, surfaces and equipment were
cleaned and disinfected with 0.05% and 0.5% sodium hypochlo-
rite solution. During the procedure, the body was exposed but
remained inside the body bag, and sample collection sites were
cleaned with 70% alcohol solution. Separate, freshly opened,
18-gauge biopsy guns were used to collect lung and liver tissue
for molecular testing and histologic examination. Biopsy guns
were not reused between sample collections or between chil-
dren. Eighteen-, 20-, and 22-gauge needles were used to collect

blood from the subclavian vessels, femoral vessels, and heart.
After completion of sample collection, puncture sites were
cleaned with 70% alcohol solution and covered with transparent
sterile self-adhesive surgical dressing. The body was then sealed
within the body bag and returned to the mortuary refrigerator.

For molecular testing, 1 core each of right and left lung tissue
was collected and placed in a single cryovial for each of the
20 children sampled; 2 cores of liver tissue were collected and
placed in a single cryovial for each of the 5 children sampled.
All cryovials were then placed in a dry shipper with liquid ni-
trogen. They were later transferred to the laboratory where they
were stored at —80°C awaiting testing. Blood specimens from
5 children were collected in EDTA-containing vacutainers and
placed in a refrigerator for 12-24 hours before being transferred
in cool boxes to the laboratory, where they were aliquoted into
cryovials and stored at -80°C awaiting testing.

For histologic examination, 2 cores of each tissue (right lung,
left lung, and liver) were placed in separate sterile containers
with 10% buffered formalin solution for 12-18 hours before
being transferred to 70% alcohol solution. These samples re-
mained in alcohol until they were transported in 2 consignments
to the US Centers for Disease Control and Prevention (CDC)
Infectious Diseases Pathology Branch Laboratory (Atlanta,
Georgia), where they underwent histologic examination.

Laboratory Molecular Testing

Lung, liver, and blood samples were tested using TagMan®
array cards (TACs) at the Kenya Medical Research Institute
Laboratory. After thawing, 100 pL of blood was used for nucleic
acid extraction, while thawed lung and liver tissues were hom-
ogenized for 10 minutes in a Sarstedt tube using TissueLyser;
100 pL of the homogenate was then used for nucleic acid ex-
traction. Nucleic acids from blood or tissues were extracted
using either MagNA Pure 96 DNA and Viral Nucleic Acid Kit
in a MagNA Pure 96 instrument (Roche, Inc) or QIAamp DNA
Mini Kit (Qiagen, Inc) following manufacturers’ instructions.
TAC testing was carried out as described previously [19] for
42 and 28 pathogens in the respiratory and blood TACs, re-
spectively (Supplementary Table 2). Cards were centrifuged
at 1200 revolutions per minute twice for 2 minutes and run in
the ViiA-7 polymerase chain reaction (PCR) platform (Applied
Biosystems). TAC PCR run results were independently re-
viewed for quality assurance at the Respiratory Diseases Branch
Laboratory, US CDC, and testing was repeated when inconsist-
encies were detected.

If a pathogen was positive in any 2 testing wells with a cycle
threshold (Ct) value <40, it was considered a positive result.
Human ribonucleoprotein (RNP), a “housekeeper” gene, was
used as a marker for quality of sample handling and processing.
Blood specimens were tested for human immunodeficiency
virus (HIV) using the Roche Amplicor HIV-1 monitor test kit.
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Data Analysis
Data were analyzed using descriptive statistics. The relation-
ships between time from death and number of lung patho-
gens detected and TAC Ct value were analyzed using linear
regression.

Ethical Review

Institutional review board (IRB) approval was provided by
the Kenya Medical Research Institute and Kenyatta National
Hospital-University of Nairobi. The study was exempt from US
CDC IRB review as it did not involve live human subjects.

RESULTS

Case Enrollment and Clinical Information

We approached 33 families to achieve our target sample size of
20 (61% acceptance rate). Fifteen of the children included in
the study were male. The median age of children was 8 months
(range, 1-53). For 18 children where clinical information was
available, the median time from admission to death was 1 day
(range, 0-67). Six cases (33%) had received blood transfusions
during admission, and only 1 patient was tested for HIV before
death and was found to be negative.

The most common comorbidities documented in medical
files were presence of malnutrition (n = 3, 17%), chronic respi-
ratory disease (n = 3, 17%), and chronic neurological disorders
including convulsive disorders and cerebral palsy (n = 2, 11%).
The most common clinical diagnoses were pneumonia (n = 14,
78%), followed by meningitis/encephalitis (n =5, 28%) and
gastroenteritis (n = 4, 22%; Table 1).

PMI and Temperature Monitoring

The median PMI to first sample collection was 12.25 hours
(range, 7.25-17). The median PMI to last sample collection was
83.33 hours (range, 77.25-88.33). The median refrigerator tem-
perature recorded before each sample collection was 5°C and
ranged from 2°C to 10°C. The median rectal body temperature
was 15°C at the first sample collection and dropped to 7°C by
the third sample collection (12 hours after first sample collec-
tion; Figure 1).

Blood Collection

Blood collection was considered successful if at least 0.5 mL of
blood was collected. Collection of cardiac blood was successful
in 68% (34 of 50) of attempts. Blood collection was successful
in 56% (28 of 50) of attempts from subclavian vessels and 28%
(14 of 50) of attempts from femoral vessels. Notably, successful
blood collections could occur after previous unsuccessful at-
tempts on the same child (Supplementary Figure 1). Among
these cases, blood collection from the heart was successful up to
83.5 hours after death, while blood collection from the subcla-
vian vessels and femoral vessels was successful up to 62.75 and
33.5 hours after death, respectively.

Molecular Test Results

Frequency and Distribution of Pathogen Detection

Atleast 1 pathogen was detected in the lung tissue of all 20 chil-
dren and liver tissue of all 5 children tested. However, patho-
gens were detected in blood samples of only 3 of the 5 children
tested. Notably, if pathogens were detected in a lung specimen,
it was common to detect more than 1 pathogen (Figure 2). In
lung specimens where pathogens were detected, 62% of these
lung specimens had multiple pathogens detected with a median
of 2 pathogens detected per specimen. Conversely, multiple
pathogen detection was less common in liver (24%) and blood
specimens (25%-35%) where usually 1 pathogen was detected
if a pathogen was detected in either of these specimens (Figure
2).

Nineteen pathogens were detected among 82% (162 of
198) of lung specimens tested (Figure 2), and no pathogens
were detected in 18% (36 of 198). Among the 5 children where
liver and lung specimens were collected for molecular testing,
11 pathogens were detected in 94% (47 of 50) of lung specimens
and 7 pathogens were detected among 72% (36 of 50) of liver
specimens (Figure 2). Notably, if a pathogen was detected in the
liver, 91% of the time it was also identified in the lung, although
not always from the same specimen collection time point. One
exception was Mycoplasma pneumoniae detected in the first
batch of liver specimens collected from case P06 but not in any
lung specimens collected from the same child.

Six pathogens were detected in 63% (17 of 27) of subclavian
blood specimens tested, while 3 pathogens were detected in 62%
(21 of 34) of cardiac blood specimens and 2 pathogens were de-
tected in 62% (8 of 13) of femoral blood specimens (Figure 2).

Overall, when considering each specimen type separately, we
identified a median of 3 pathogens in each child’s lung tissue
(range, 1-8; n = 20), 3 pathogens in each child’s liver tissue
(range, 1-4; n = 5), and 2 pathogens in each child’s blood spec-
imen (range, 0-4; n = 5). For the 6 children who received blood
transfusions during admission, we identified a median of 4
pathogens in each child’s lung tissue (range, 2-5; n = 6) and 1
pathogen in each child’s liver (range, 1; n = 2) and blood speci-
mens (range, 0-2; n = 2).

For the 5 children where blood, liver, and lung specimens
were collected, a median of 5 (range, 4-8) unique pathogens
were detected per child, and 1 was positive for HIV.

Consistency of Pathogen Detection and the Effect of Time

Pathogens were not consistently detected across all time points.
Figure 3 illustrates the consistency in detection of pathogens
in lung specimens per child over the course of sequential sam-
pling. Adenovirus, for instance, although detected in the lung
tissue of 12 children, was not consistently detected throughout
sample collection batches. In a few cases, pathogens were con-
sistently detected across all specimens tested from the same
child (eg, human metapneumovirus in P01, cytomegalovirus in
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Table 1. Characteristics of Children Enrolled in Postmortem Study
Conducted Following Respiratory lliness—Associated Death

Characteristic Value
Median age (range), months 8 (1-53)
Gender, n (%)

Male 15 (75)

Female 5 (25)
Median weight (range), kg 6.6 (3.6-10.1)
Weight categories,® n (%)

Normal weight 10 (50)

Underweight 5 (25)

Severely underweight 5 (25)
Median duration from admission to death (range), days 1(0-67)
Comorbidities, n (%)

None documented 12 (67)

Protein energy malnutrition 3(17)

Chronic respiratory disease (eg, pulmonary arterial 3(17)

hypertension®)

Chronic neurological or neuromuscular disorders (eg, convul- 2 (11)
sive disorder, cerebral palsy)

Newly diagnosed tuberculosis 1(6)
Congenital heart disease (in this case mesocardia) 1(6)
Rickets 1(6)
Clinical diagnoses at time of death,® n (%)
Pneumonia/bronchopneumonia 14 (78)
Meningitis/encephalitis 5 (28)
Gastroenteritis/diarrhea 4(22)
Sepsis 3(17)
Malnutrition 3(17)
Shock 3(17)
Dehydration 2 (1)
Bronchitis 2 (11)
Congenital heart disease 2 (1)
Acute respiratory distress syndrome 1(6)
Tuberculosis 1(6)
Anemia 1(6)
Acute kidney injury 1(6)
Metabolic acidosis 1(6)
Laryngotracheobronchitis 1(6)
Cerebral palsy 1(6)
Down'’s syndrome 1(6)
Severe pulmonary artery hypertension 1(6)

¢ Weight-for-age categories based on the local growth monitoring chart provided by the
Ministry of Health, Kenya.

® A description of the specific chronic respiratory disease was not available for 2 of 3
children.

¢ Multiple responses permitted, and total denominator reflected 18 children whose medical
records were accessible to the study staff.

P02, and adenovirus in P08). Generally, if a pathogen was de-
tected in a child, it was only detected in half of the lung and liver
specimens tested from that child. If a pathogen was detected in
femoral, cardiac, or subclavian blood, it was detected in 75%,
67%, and 50%, respectively, of the blood specimens tested from
the child.

Using linear regression, we found no association between
PMI and the number of pathogens overall (P = .43) or between
PMI and the number of bacterial pathogens (P = .33) detected

in lung tissue. We observed no change in the TAC Ct value
over time for pathogens detected in lung tissue (Supplementary
Figure 2). There was no significant change in human RNP Ct
over time for each of the sample types tested; values ranged from
17 to 30, indicating stable quality of the samples (Supplementary
Figure 3).

The Supplementary Material depicts the consistency of path-
ogen detection over time across different types of specimens
(Supplementary Figure 4). Concordance of molecular test re-
sults between specimen types was variable, with organisms such
as human coronavirus HKU1, Klebsiella pneumoniae, and ad-
enovirus having good levels of concordance between different
types of specimens, while other, less frequently identified organ-
isms usually had lower levels of concordance (Supplementary
Table 3).

DISCUSSION

In this study, we are the first to examine the impact of PMI
on pathogen detection through sequentially collected post-
mortem lung, liver, and blood specimens from the same child
using MITS. In our study, there was no change in the number
of pathogens detected or significant change in pathogen con-
centration (measured through Ct values) over time for up to
96 hours after death when adequate body storage conditions
and aseptic specimen collection techniques were followed.
Amplifiable human RNP with Ct values between 17 and 30 was
obtained consistently during sample collection, indicating that
specimens were likely to be suitable for testing up to 4 days after
death. However, pathogens were not consistently detected in
all sequential specimens tested from the same child. This in-
consistency in detection could represent localized pathogenesis
or amplification of microbial particles representing past infec-
tions or colonization, not necessarily associated with the cur-
rent pathological process. Multiple and inconsistent pathogen
detection can make interpretation of etiological studies chal-
lenging, especially if the extent of lung pathology was not ob-
served in conventional autopsy or if histopathology readings are
not available to aid interpretation.

We followed procedures to avoid cross-contamination and
successfully maintained the ideal temperature conditions to
allow for the collection of quality samples up to 4 days after
death, avoiding commonly described bacterial translocation and
overgrowth [20]. A study conducted in Mozambique to assess
the impact of PMI on the diagnostic performance of MIAs com-
paring autopsies conducted before and after 24 hours following
death concluded that after 24 hours, bacterial overgrowth could
mislead conclusions of the cause of death [16]. However, unlike
our study, they were not able to control for differences in indi-
vidual patient’s characteristics, as well as body storage conditions
that could have explained the increase in the number of bacteria
detected beyond a PMI of 24 hours in their study.
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Figure 3.  Schematic showing frequency of pathogen detection for each child across all batches of lung specimens tested. Orange cells indicate TagMan array card (TAC)-
positive specimens. White cells indicate TAC-negative specimens. Black cells indicate specimens from patient P14 (batches 9 and 10) that were not tested.

Our findings support MITS protocols that use multiple spe-
cimens from parenchymal organs [21], thus increasing the
likelihood of detecting key pathologic changes and associ-
ated etiologies, especially if the pathologic process is localized.
However, as we showed in our results, 1 batch of specimens col-
lected during a particular time point may fail to detect relevant
pathogens. For example, in our study, if a pathogen was detected
in a child, it was only detected in half of the lung and liver speci-
mens tested from that child even though the number of patho-
gens detected did not vary with time since death. Moreover,
for each type of specimen examined, multiple pathogens were
identified. These findings are important when considering an
MITS technique as the sole approach to investigate etiology as-
sociated with cause of death because several pathogens are often

detected and accurate correlation with cause of illness or death
requires one to consider clinical information and other labora-
tory findings inclusive of molecular tests, culture, and histopa-
thology results [11, 15, 22, 23].

More than 1 pathogen can contribute to death due to infec-
tious causes in children [11]. In a case-control study comparing
pathogens detected in nonfatal and fatal pediatric respiratory
disease cases that were matched to healthy asymptomatic con-
trols, the authors identified multiple pathogens in all 3 groups,
making interpretation of results challenging [24]. Although
nasal and oropharyngeal swabs were collected while children
were alive, this and other studies highlight the complexity of
attributing the etiology of respiratory illness [11, 22, 23]. Very
sensitive molecular techniques can detect microorganisms
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or microbial RNA/DNA in clinical specimens; however, this
does not necessarily imply a causal relationship. Adenovirus is
an interesting example as the virus is associated with various
clinical manifestations and is detected in multiple tissues (eg,
conjunctival, respiratory, gastrointestinal, urinary, brain, and
cardiac tissues). Nonetheless, researchers have indicated that
adenovirus may persist at low levels in humans where molec-
ular detection may be coincidental rather than causal, especially
in persons with weakened immune systems, as could be the case
in our study population [25]. The concomitant identification of
adenoviruses in lung, liver, and blood specimens might corrob-
orate a causal association. However, additional studies to im-
prove our understanding of molecular diagnostics in detecting
pathogens with the ability to be dormant in human tissues are
warranted.

In our study, we demonstrated that blood from the heart
could be collected up to 3.5 days after death and was more often
successfully collected than blood from other sites. Generally, in
forensic autopsy practice, peripheral blood collection sites are
preferred to cardiac blood when conducting biochemical and
toxicology analyses [17, 26, 27]. However, we have previously
observed that for infectious disease diagnostics, cardiac blood
is unlikely to provide inaccurate assessment and may be used
when peripheral blood collection is unsuccessful [28, 29].

Our study had some limitations. Our findings cannot be ex-
trapolated to the effect of PMI on bodies maintained at room
temperature. This is especially relevant in settings where deaths
occur in the community and bodies are not refrigerated soon
after death that could lead to bacterial translocation and over-
growth [20, 30]. Also, we chose to perform serial sample col-
lections from each child to allow only time since death to affect
pathogen detection, in effect using each child as its own con-
trol. However, there were inconsistencies in pathogen detection
across sample collection batches. Perhaps, a larger sample size
could facilitate exploring some of these inconsistencies, espe-
cially if blood and liver specimens had been collected for all
participants.

In conclusion, our data suggest that MITS specimens col-
lected for multipathogen molecular testing can provide reliable
results for up to 96 hours after death if adequate body storage
conditions and aseptic specimen collection techniques are fol-
lowed. Nonetheless, our findings raise important concerns as
pathogens were detected inconsistently across sample collection
batches. This demonstrates the need for careful interpretation
of molecular results that may benefit from concomitant histo-
pathological investigation when attempting to determine the
etiology of infectious causes of death.
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